The ovulatory response of ewes from breeds that differ widely in prolificacy (Ile-deFrance, ++ Booroola Merino, Romanov, F+ Booroola Merino and F+ Booroola Romanov with adult ovulation rates of about 1.5. 1.2, 3, 3 and 3.5 respectively) to 750 IU of hCG given at different physiological stages (before puberty, during anestrus or during the luteal phase) was compared. In all except one experiment., hCG induced ovulation in 73 to 98% of the lambs, indicating that follicles sensitive to LH were present at all stages studied. Ranking of the breeds according to hCG-induced ovulation rate in prepuberal lambs was similar to that based on adult ovulation rate. Furthermore, hCG induced more ovulations in prepuberal F+ than in ++ lambs (3.7 f 1.4 vs 1.7 It .8 at 4.5 mo of age) as well as in anestrous ewes (F + at 3.1 f 1.8 vs ++ at 1.6 f .7). Within ewes, the correlation between ha-induced ovulation rate and mature ovulation rate was positive in nonpmlific breeds but not significant in prolific breeds. We conclude that 1) the number of hCG-induced ovulations can be used to identify sheep that are carriers of the Booroola gene and 2) the mechanisms responsible for a number of large ovulatory follicles typical of a breed are present at stages (prepuberal, anestrus, luteal phase) other than the follicu!ar phase.
Introduction
Reproductive efficiency is an important component of the economics of sheep production. Prolificacy in sheep is linked tightly to ovulation rate (Hanrahan, 1982) . Techniques that give information on the ovulatory potential of ewes at a young age would be valuable for selection of prolificacy. The ovarian response to pregnant mare serum gonadotropin (PMSG) of prepubertal lambs is related to prolificacy (Oldham et al., 1984; Davis and Johnstone, 1985) . Although there is a close relationship between this trait and adult ovulation rate in pigs (Dial and Dziuk, 1983) , no evidence exists of such a relationship in sheep.
Ability of follicles to produce high amounts of estradiol appears concomitantly with development of LH receptors on granulosa cells (Tsonis et al., 1984) . Furthermore, the number of estrogenic follicles present during the luteal phase or anesuus is typical of each breed (Webb and Gauld, 1985) . Measurement of the number of large follicles with LH receptors, as evidenced by the number of ovulations induced in vivo by hCG, potentially could be used as an index of prolificacy.
Specific aims of this study were to assess 1) whether ewes at different physiological stages (prepuberal, luteal phase, seasonal anestrus) ovulate following an hCG challenge, 2) whether the number of hCG-induced ovula-719 tions is typical of the breed/strain and 3) whether hCG-induced ovulation rate is related to the individual ovulatory ability of adult ewes.
Mmteriab end Methods
In all trials, 750 IU of hCG3 were injected i.m. and ovulation rate was observed at laparoscopy without anesthesia 60 to 72 h later. This amount of hCG appears to be the minimal dose to induce ovulation in a high proportion of ewes, because 500 IU induced only 30% of 5-mo-old lambs to ovulate (B. M. Bindon, personal communication) . The precise timing of laparoscopy or slaughter ensured that hCG had not induced ovulation of successive crops of follicles (Radford et al., 1984) .
Experiment I: Ovariun Response to hCG of Lambs from Nonprolifc and Prolific Breeds. Winter-born ewe lambs from Ile-de-France (n = 36), Ile de France x Romanov x Rbalpes (n = ll), Romanov x [le de France (n = 26) and Romanov (n = 37) breeds were maintained either in Nouzilly (Ile de France and Romanov-cross lambs) or Toulouse (Romanov) and were injected with hCG when they were 3 to 4 mo old. Lambs raised in Nouzilly were slaughtered 60 h after the hCG injection, their reproductive tracts were recovered and the number of corpora lutea (CL) was counted (Luteinized follicles were excluded from CL counts). The ovulation rate of the Romanov lambs was measured by laparoscopy (Roberts, 1968) 72 h after the hCG injection.
Experiment 2: Ovarian Response of Adult Booroola-Cross Ewes to an hCG Challenge. After five records of ovulation rate during the breeding season, 165 Booroola x Merino d'Arles ewes (1 and 2 yr old) were identified as carriers (F+, i.e., with an ovulation rate of three or more; n = 80) or noncaniers (++. i.e., never more than two ovulations; n = 85) of the F Booroola gene (Davis et al., 1982) . During seasonal anestrus (early July), all ewes were injected with hCG and laparoscoped 72 h later. and 40 contemporary untreated lambs were recorded after lambs mated at 11 mo of age during their first breeding season. Litter size and embryo mortality also were recorded. A second laparoscopy was performed during the breeding season when the ewes were 2 yr old.
The 34 F+ and 16 ++ Booroola lambs used in Exp. 3 also were submitted to laparoscopies at four successive estrous cycles during their first breeding season. The hCG-induced ovulation rate before puberty was compared with the natural ovulation rate.
Statistical Methods. Ovulation rate is defined as the number of CL per ewe ovulating. In all experiments, breed or strain comparisons of hCG-induced ovulation rates were performed by chisquare tests on the distribution of CL.
Least squares analysis were conducted on the Booroola x Romanov data (Exp. 3) to determine the possible effects of birth and rearing rank as well as live BW at 10, 30 or 50 d of age on rate of ovulation induced prepuberally. In addition to these fixed effects, the model included genotype (F+ vs ++) and sire of the lambs nested within genotype. Repeatabilities of hCG-induced ovulation rate considering or not considering the data (ovulation rate = 0) of ewes not ovulating were estimated through an intraclass correlation coefficient in a model that included genotype, sire within genotype, age at laparoscopy (three levels) and number of lambs.
Relationships between hCG-induced ovulations and adult natural ovulations were estimated by the correlations between residuals of the above least squares analysis and residuals fluorogestone acetate f for 14 d). At d 6 of the of a similar analysis performed on the successive adult ovulations.
Results all are expressed as means f SD.
Results

Eqeriment 1 .
Overall, 94 of the 110 (85%) prepuberal lambs ovulated following hCG treatment. There was no difference between the four genetic groups in the proportion of ewes ovulating (Table 1) . In contrast, an increase of the mean ovulation rate was noted according to the proportion of Romanov blood ( Table 1) . With the exception of the Ile-deFrance x Malpes x Romanov lambs, for which very few lambs were available, all differences between genetic groups were significant ( P < .Ol). The hCG-induced ovulation rate of Ile-de-France x Romanov lambs was close to the mean of their parental breeds (2.27) (pure Romanov 2.9, pure Ilede-France 1.5) Bindon et al., 1979 relationship between natural ovulation rate at 11 and 18 mo of age (r = .53; P c .Ol), the correlation between hCG-induced and postpuberal ovulation rate was low at 1 1 and 18 mo of age (r = .22 and .08, respectively). Prepuberal ovulation rate and embryo mortality (r = .13) or litter size at the first pregnancy (r = -.04) were not related. The relationships between hCG-induced and natural ovulation rates in Booroola Romanov ewes and the correlations between these two traits are shown in Table 2 .
In Booroola Merinos d'Arles, who had five records of ovulation rate when mature, there was no correlation between hCG-induced and mature ovulation rate in F+ ewes (r = .14, n = 71), whereas the correlation in ++ ewes was significant (r = .31, n = 68) (P c .02).
Discussion
The main conclusions of this study are that 1) whatever the physiological stage, follicles sensitive to LH were present in all breeds 2) the number of such follicles was related to the ovulatory ability of the breedstrain and 3) the relationship between hCG-induced and natural ovulation rate was significant in nonprolific breeds but not in prolific breeds.
The high percentage (73 to 98%) of ewes ovulating at all physiological stages and in all genetic groups suggests that follicles sensitive to LH appear early in life and are not limited to the follicular phase. Follicular growth may proceed to diameters of 4 to 6 mm at times when ovulation does not occur either before puberty (Sonjaya and Driancourt, 1989) , during anestrus (McNatty et al., 1984; Webb and Gauld, 1985) or during the luteal phase (Webb and Gauld, 1985; Driancourt et al., 1989) . The sensitivity of such large follicles to hCG demonstrates that differentiation of LH receptors on granulosa cells also occurs at these stages. The existence of follicles sensitive to LH at all physiological stages agrees with previous data in a wide range of species (prepuberal rat: Zarrow et al., 1972; pseudopregnant rat: Taya and Sasamoto, 1977; Gidley Baird et al., 1986 ; early pregnant rat: Taya and Sasamoto, 1977; Gidley Baird et al., 1986; pregnant Spicer et al., 1986) . Notable exceptions to this are prepuberal Merinos d'Arles lambs which, owing to limited precocity and(or) low B W (approximately 20 kg at 5 mo), partly failed to ovulate following hCG (57% ovulated; M. A. Driancourt, J. Thimonier and J. M. Elsen. unpublished results) and the Booroola Romanov lambs at the third hCG challenge. Factors explaining this low response are unclear because there was no difference in adult ovulation rate between ewes that had or had not ovulated at this challenge, and all these ewes were sensitive to a fourth hCG challenge given during the luteal phase. One explanation could be the formation of antibodies to hCG as a result of the first two hCG injection, a phenomenon described previously (Duchamp et al., 1987) ; the time lag between the third and fourth injections was long enough for antibody titer to decrease.
The hormonal milieus from each of the different physiological stages studied differ widely from each other and from that of the follicular phase. Concentrations of FSH are lowest during the follicular phase of the estrous cycle, higher during the luteal phase and highest during anestrus (McNatty et al., 1984; McNatty and Henderson, 1987) . The frequency of LH pulses is low before puberty (Foster et al., 1986) , during anestrus and during the luteal phase (Baird et al., 1976) compared with frequency during the follicular phase (Baird, 1978) . The steroid environment ranges from poor in progesterone and estradiol (prepubertaI, anestrus) to rich in progesterone (luteal phase) and estradiol (follicular phase). Because all these environments are conducive to differentiation of LH receptors, there obviously is some flexibility in the hormonal requirements for differentiation of LH recep tors as assessed by hCG-induced ovulation.
This conclusion contrasts with previous claims that rats need a strict sequence of estradiol and FSH (Richards, 1980) .
The relationship between the number of follicles sensitive to LH and adult ovulation rate of the breed/strain is supported by several observations. First, the increase in hCGinduced ovulation rate and the proportion of Romanov blood in the crossbreds were parallel (Exp. 1). Second, hCG-induced ovulation rates were similar to those reported previously for adult ewes of the same breeds at the same location (Bindon et al.. 1979) . Finally, the distributions of ovulation rate in F+ and ++ Booroola x Merinos d'Arles and Booroola x Romanov ewes remained significantly different (Exp. 2 and 3). The existence of a mechanism that regulates the number of ovulatory follicles at stages other than the follicular phase agrees with previous reports in early-pregnant rats (Taya and Sasamoto, 1977) , early-pregnant mice (Greenwald and Choudary, 1969 and anestrous ewes (Webb and Gauld, 1985) and ewes in mid luteal phase (Driancourt et al., 1988) . Whereas the number and range (seldom exceeding 7) of hCGinduced ovulations were close to those of the ~t u r a l ovulation rate, the coefficients of variation of hCG-induced ovulation rate (Table  1) were greater than those described previously for other breeds (Romanov: .24, Ricordeau, 1988 ; Finn: .30, Hanrahan, 1986) . indicating a higher percentage of low and high ovulations than the percentage that occurs under natural conditions. Identification of the factors (gonadotropins or locally acting compounds) that increase variation needs further investigation. However, the repeatability of hCG-induced ovulation rate (estimated in the Booroola Romanov lambs, which ovulated at each of the three challenges) was close to the estimates reported previously for natural ovulation rate by Hanrahan (1976) and Ricordeau (1988) .
In prolific breeds, some mechanisms responsible for fine tuning of ovulation rate may not be present at stages other than the follicular phase, as demonstrated by lack of correlation in these prolific strains between hCG and mature ovulation rate. This was in contrast to the results noticed in nonprolific strains. This may be due to breed differences in the processes controlling terminal follicular growth (Driancourt et al., 1986) . Clarification of the mechanisms responsible for the differences between hCG-induced and mature ovulation rate in prolific breeds awaits further investigation.
Implications
Ovarian response to human chorionic gonadotropin may be a useful technique for identification of lambs carrying the Booroola gene. Because ovulation is reliably induced before puberty and because between-genotype differences (F+ vs ++) can be detected at these ages, early identification of F gene carriers is feasible. The possibility of using the human chorionic gonadotropin test to assign individual ewes to a given Booroola genotype (F+ or ++) makes it more valuable than the pregnant mare serum gonadotropin test described previously. However, relationships between ovulation rate induced by human chorionic gonadotropin and litter size still need to be explored. 
